The taxonomic position of four phenotypically closely related strains isolated from faecal samples of yaks (Bos grunniens) collected from the Qinghai-Tibetan plateau, China, was determined by a polyphasic approach. The strains were non-sporeforming, non-motile Gram-stain-positive, ovoid cocci, occurring predominantly in pairs and short chains or in irregular clusters. The 16S rRNA gene of strain MN05
Species of the genus Enterococcus are part of the normal flora of the gastrointestinal tracts of diverse hosts ranging from birds to pigs to humans [1, 2] . Largely due to their adaption to fluctuations of pH, temperature and molarity, species of the genus Enterococcus are widely distributed in nature [3, 4] . At the time of writing, there were over 50 species and subspecies in the genus Enterococcus with validly published names [5] .
Surviving in a high altitude alpine tundra environment at the Qinghai-Tibetan plateau, wild and domestic animals of the Himalayan region such as yak (Bos grunniens), Marmota himalayana, vulture, Tibetan antelope and sheep have adapted to chronic hypoxia, cold and some other environmental stresses. As an effort investigating the intestinal and respiratory microbiota of wild animals and livestock in the Qinghai-Tibetan plateau, our laboratory has successfully isolated representatives of seven novel bacterial species: Escherichia marmotae, Helicobacter himalayensis, Streptococcus halotolerans, Streptococcus himalayensis, Streptococcus marmotae, Actinomyces vulturis and Actinomyces liubingyangii [6] [7] [8] [9] [10] [11] [12] [13] . The yaks (Bos grunniens), one of the most important domestic animals in the Qinghai-Tibetan plateau, were found to be an important reservoir for Shigatoxin-producing Escherichia coli (STEC), with a potential to cause disease in humans [14] . In the present paper, we describe a novel enterococcal species, named as Enterococcus wangshanyuanii sp. nov., isolated from yaks in the Qinghai-Tibetan Plateau, China. Four enterococcal isolates were obtained from 258 yak faecal samples from Yushu Tibetan autonomous prefecture, Qinghai province, China. These yak faecal samples were collected freshly during June to August 2012, and each was stored in a 2 ml sterile tube containing Luria-Bertani (LB) medium with 30 % glycerol (v/v) and transported to the laboratory at À20 C. Later, each faecal sample was inoculated on KF streptococcus agar plates (Beijing Land Bridge Technology) and incubated aerobically with 5 % CO 2 at 37 C for 48 h. Different colonies emerging on plates were re-streaked separately onto Columbia agar plates containing 5 % defibrinated sheep blood (bioM erieux), incubated in a 5 % CO 2 atmosphere at 37 C for 24 h, and stored at À80 C for further tests.
We analysed the 16S rRNA gene sequences of all four strains by extracting their genomic DNA with the Wizard Genomic DNA Purification kit (Promega) according to manufacturer's instructions. 16S rRNA gene amplification and cloning were achieved using the universal eubacterial primers 27F-1492R (5¢-agagtttgatcmtggctcag-3¢ and 5¢-ggytaccttgttacgactt-3¢) [15, 16] . Raw sequence data were processed using DNASTAR version 7 (DNASTAR Biosoft). The near-complete 16S rRNA gene sequences (1518 nt) obtained for the four strains showed that they were very closely related with only a mean of 0.19 % difference between them.
The 16S rRNA gene sequence of strain MN05
T was compared with those of type strains of the neighbouring taxa obtained from the EzBioCloud web-based tool [17] 16S rRNA gene sequences of all the type strains of species of the genus Enterococcus were aligned using the CLUSTAL W program [19] . Phylogenetic trees were then reconstructed with three different algorithms, namely the neighbourjoining [20] , maximum-likelihood [20] and minimumevolution [20] algorithms, and the stability of the groupings was estimated by bootstrap analysis (1000 replications) using MEGA 6 software (www.megasoftware.net). The reconstructed trees were quite similar (Figs 1 and S1, available in
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Tetragenococcus solitarius the online version of this article), revealing that the four unknown isolates of the genus Enterococcus formed a single cluster, well separated from the other members of the Enterococcus faecalis species group.
Other than the 16S rRNA gene, housekeeping genes encoding, e.g., phenylalanyl-tRNA synthase (pheS) and RNA polymerase a subunit (rpoA), are also suitable markers for species identification in the genus Enterococcus, especially for the Enterococcus faecalis species group [21, 22] . In the present study, partial sequences of pheS and rpoA genes from the four unassigned strains of the genus Enterococcus were amplified and sequenced as described by Naser et al. [21] . By pairwise comparison among the four novel isolates, both partial sequences (pheS and rpoA) were 100 % identical, respectively. According to the literature [21] , strains within the same enterococcal species have more than 99 and 97 % sequence similarity in their rpoA and pheS genes, whereas different enterococcal species have at most 97 and 86 % sequence similarity, respectively. On both accounts, strain MN05 T had low similarity to the type strains of the members of the Enterococcus faecalis species group, less than 86 % in pheS and less than 97 % in rpoA (with the exception of 97.1 % to Enterococcus termitis CCM 7300 T and 97.3 % to Enterococcus crotali ETRF1 T ). Another study of more enterococcal species proposed to raise the threshold value for interspecies similarity of the rpoA gene to <99 % [22] . The two phylogenetic trees reconstructed from pheS ( Fig. S2 ) and rpoA (Fig. S3 ) using the neighbour-joining algorithm also showed that MN05 T , the proposed type strain, formed an independent branch separate from its closest 16S rRNA gene phylogenetic neighbours. These data support a separate species status for the four unassigned strains of the genus Enterococcus isolated from yaks.
The morphological features of the four novel strains were determined using light microscopy and electron microscopy [23] on cells cultured for 24 h aerobically at 37 C on Columbia agar plates containing 5 % defibrinated sheep blood. Catalase production was measured using an ID Colour Catalase kit (bioM erieux). Lancefield serological grouping was determined with the Streptococcal group kit (Oxoid). Cell motility was tested by the motility assay on soft agar plates [24] , and Gram staining was performed using the classical Gram-stain procedure [25] . Determination of bacterial growth at 10, 22, 35, 37 and 45 C was performed in brain heart infusion broth (Difco) with pH adjusted to 7.5 [26] . Thioglycollate broth (Oxiod) was used to determine the oxygen requirements of the four novel strains. The ability of the isolates to tolerate the presence of 
Acidification of: 6.5 % (w/v) NaCl was assessed as described by Facklam and Elliott [26] . In order to differentiate the proposed novel species from members in the Enterococcus faecalis species group, API 20 Strep and API 50 CH kits were used at the same time on the four newly isolated strains and all the type strains of those phylogenetically related species except the recently described Enterococcus crotali [18] . Those biochemical characteristics that could help to differentiate the proposed novel species from members of the Enterococcus faecalis species group and the phenotypic variability within the four strains analysed are shown in Table 1 . The ability of Enterococcus crotali ETRF1 T but not the four novel strains to produce a-galactosidase and ferment mannitol and inulin [18] was one of the defining biochemical characteristics. According to results from the Pos MIC Panel Type 29 of the Microscan system (Beckman Coulter), the four strains were susceptible to penicillin, ampicillin, vancomycin, linezolid, daptomycin, ciprofloxacin, tetracycline, gentamicin (at high concentration), chloromycetin, erythromycin and rifampicin but intermediately resistant to levofloxacin.
As a representative of the four strains, owing to their almost identical biological and biochemical features, MN05
T was sequenced by the single molecule, real-time (SMRT) technology using the Pacific Biosciences (PacBio) sequencing platform and the reads were assembled to generate one circular genome without gaps by using SMRT Analysis 2.3.0 [27] . The protein-coding sequences (CDSs), tRNAs and rRNAs were predicted using GeneMarkS [27] , tRNAscan-SE [27] and rRNAmmer [27] , respectively. The 16S rRNA gene and housekeeping gene sequences obtained from Sanger sequencing and whole-genome analysis were identical. The genome of strain MN05 T (3 842 61 bp) contained 4299 genes with a DNA G+C content of 37.5 mol% and an average gene length of 839 bp. The availability of the wholegenome sequence of MN05 T made it possible, using the neighbour-joining algorithm from treebest software [28] , to reconstruct another phylogenetic tree based on the core genomes (808 core genes), generated by extracting with BLASTP, concatenating and aligning by mafft [29] , from 15 genomes (a yak isolate, all 13 reference strains of the Enterococcus faecalis species group and Enterococcus canis DSM 17029 T as an outgroup). The whole-genome phylogenetic tree (Fig. 2) unequivocally shows that yak strain MN05 T belongs to a distinct lineage and is well separated from recognized species of the Enterococcus faecalis species group.
DNA-DNA hybridization (DDH) has been used to define species since the 1960s, and the value of 70 % DDH was proposed by Wayne et al. [30] as a recommended standard for delineating species. DDH must be used as an additional measure [31] , especially in distinguishing species with 16S rRNA gene sequence similarity above 98.7 % [32] . Compared with the wet-lab DDH method, genome-sequencebased DDH is simple and easy to do and the results are objective and reliable [33] [34] [35] [36] . To further verify the taxonomic relationship of MN05 T with other members of the Enterococcus faecalis species group, the genome of MN05
T was utilized for in silico DDH analysis with 13 representative strains of the Enterococcus faecalis species group by using the DDH web-software [33] [34] [35] [36] at http://ggdc. dsmz.de. The DNA relatedness values of MN05 T with other hitherto described species of the Enterococcus faecalis species group ranged from 21.3 to 24.1 % (Table 2) , well below the 70 % cut-off mark [30] , firmly demonstrating that strain MN05
T represents a distinctive novel species in the genus Enterococcus.
In summary, the phylogenetic, genotypic and phenotypic features of the four novel strains isolated from yaks fully support the hypothesis that these strains should be assigned to the genus Enterococcus as representatives of a novel species, for which the name Enterococcus wangshanyuanii sp. nov. is proposed.
DESCRIPTION OF ENTEROCOCCUS WANGSHANYUANII SP. NOV.
Enterococcus wangshanyuanii (wang.shan.yuan¢i.i. N.L. gen. n. wangshanyuanii in honour of Professor Shan-yuan Wang for his contributions to infectious disease control and prevention in China).
The species description is based on four strains. Cells are facultatively anaerobic, Gram-stain-positive, ovoid cocci, occurring predominantly in pairs and short chains or in irregular clusters. Non-spore-forming and non-motile. Colonies formed on Columbia agar plates containing 5 % defibrinated sheep blood at 37 C after 24 h are non-pigmented, grey, smooth, weakly a-haemolytic and about 1 mm in diameter. Growth is observed at 22, 35, 37 and 45 C, but not at 10 C. Growth is weakly positive in the presence of 6.5 % NaCl. Catalase reaction is negative both on bloodcontaining and on blood-free media. Reacts with Lancefield group D antisera. Negative for gas production from glucose. The type strain, MN05 T (=DSM 104047 T =CGMCC 1.15942 T ), was isolated from a yak faecal sample. The DNA G+C content of this strain is 37.5 mol%. MN33, MN37 and MN47 are other strains of the species. 
